1. Five rumen-fistulated cows were given freshly cut ryegrass (Lolium perenne L.) and lucerne (Medicago sotiva 2. Cattle were required to consume their daily allowance (offered ad lib.) in two 2 h feeding periods daily.
Both ryegrass (Lolium perenne L.) and lucerne (Medicago sativa L.) are important forage species in New Zealand farming systems, yet they both have constraints which limit their usefulness. The lower productivity by sheep and cattle fed on ryegrass compared with legumes (e.g. Ulyatt, 1981) has been partly explained in sheep by the slower breakdown and clearance of ryegrass from the rumen (Ulyatt et al. 1986 ). With cattle the superior nutritive value of lucerne is lessened by frequent and often severe bloat (e.g. Clarke & Reid, 1974; Howarth et al. 1986 ). The effectiveness of particle size reduction by cows fed on fresh ryegrass has not been reported, but rates of breakdown of ryegrass and lucerne, and consequent fermentative activity, may account in part for differences in nutritive value and the prevalence of bloat when cows are fed on fresh lucerne.
New Zealand dairy cows are usually rotationally grazed and given new pasture twice daily, after morning and afternoon milkings. Release to new pasture is associated with a rapid consumption of feed, and when bloat occurs it usually does so 1-2 h after cows begin eating.
The purpose of the present work was to investigate the relative rates of breakdown, digestion and outflow from the rumen, of particles from lucerne or ryegrass. This was done with a view to increasing the understanding of the possible factors involved in the process of rumen function which could be predisposing towards the condition of bloat.
In the present experiment a rapid consumption of feed was achieved by restricting feed availability to two 2 h periods per day. Variables measured were those which relate to nutritive value, i.e. rumen fill and particle size reduction, and those which have been implicated in the aetiology of bloat, i.e. degradation of plant leaf and release of chloroplasts (Howarth et al. 1982; Majak et al. 1985) , fermentation (Clarke & Reid, 1974) , and volatile fatty acid (VFA) production (Sukachi & Hoshino, 1981) .
Rurnen digestion of grass and lucerne by cows
had shown no change in particle size distribution in rumen DM refrigerated for 4 d . Samples for chlorophyll determination were washed immediately and held in the dark at 4" until analysis, within 4 h of collection.
Cows that were to be bailed during or after eating had samples of rumen fluid removed at 09.00 hours for background Cr determination, and 500 mg Cr (as the soluble marker CrEDTA) added per fistulum and mixed into rumen contents. Cr concentration was measured in bailed rumen contents at 10.00, 10.30, 11.30 and 13.30 hours, enabling rumen water outflow to be calculated over this period of time.
On days 3 and 7 of each experimental period, faeces were collected from each cow between 09.00 and 16.00 hours and subsampled for particle size analysis. Faeces were of a firm consistency and were scooped off clean rubber mats behind each cow at frequent intervals so that contamination with urine was avoided. Particles retained on the 0.25 mm and larger sieves were retained and combined within feeds for fibre analysis.
The time-period each cow spent ruminating was measured with a stopwatch between 11.30 and 13.30 hours on the day of 13.30 hours bailing.
Feed sampling
Feed samples were taken daily during the experimental period for DM determination (24 h at 95"), and additional samples were frozen, bulked and freeze-dried for chemical analysis. Chlorophyll content of fresh feed was determined daily. On three occasions during the lucerne experimental period 300 g feed WM were separated by hand into stem and leaf plus petiole fractions which were weighed and dried. A subsample of bulked lucerne was also separated into stem and leaf plus petiole fractions and freeze-dried for chemical analyses.
Particle size analysis The particle size distributions of digesta and faeces were determined by a wet-sieving technique described by Waghorn (1986). A re-circulating flow of water was directed through a series of rotating sieves for 5 min, separating material according to sieve aperture size. The sizes (length of side of square hole) were 4,2, 1,05 and 0-25 mm. Material passing the 0.25 mm sieve was centrifuged (2000 g for 20 min) and DM of the pellet determined. This fraction is termed 'residues'. DM not accounted for by sieve size or residue fractions is termed ' solubles ' and was estimated by difference.
Because a large proportion of digesta DM was retained on the 4 mm sieve, especially with the ryegrass diet, this fraction was separated by hand into particles over and under 10 mm in length. This was done with samples from each cow from the 09.00 and 11.30 hours bailings with both feeds. Particles retained on the 4 mm sieve (including those over 10 mm in length) from prefeeding digesta were retained for fibre analysis.
Chlorophyll release from feed
The release of chlorophyll during and for 2 h after eating was calculated from the chlorophyll content of fresh feed and particulate rumen digesta. Feed chlorophyll was determined from a 5 g subsample of about 200 g feed chopped with scissors into 6 mm lengths. Chlorophyll in rumen particulate DM was determined after washing about 50g rumen digesta through glass wool with 5G100 ml saline (9 g sodium chloride/l) until filtrate was clear. This removed free chloroplasts, chlorophyll and small DM material. A duplicate sample was washed and dried at 95" for 24 h to determine the proportion of digesta DM that was used for chlorophyll extraction.
Chlorophyll was extracted from feed and washed rumen digesta by homogenizing in 50-100 ml acetone-ethanol (4 : 1, v/v). The homogenate was washed through glass wool, made up to a standard volume, and portions centrifuged before measuring absorbance at
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645 and 663 nm for the determination of chlorophyll content (Arnon, 1949) . The amount of chlorophyll released from feed (R) was calculated at each bailing from feed chlorophyll intake (a), the prefeeding rumen-particulate chlorophyll pool (b), the rumen-particulate chlorophyll pool at each bailing (c), and the estimated particulate chlorophyll efflux from the rumen during eating ( d ) .
Chlorophyll efflux during eating assumes that only particulate DM smaller than 2 mm was able to leave the rumen (Waghorn, 1986) and that this DM leaves with the water efflux, determined by CrEDTA dilution. This efflux was of minor significance, ranging between 0.2 and 0.9 ' YO of chlorophyll intake.
Chemical analysis Feed nitrogen and lipid, and rumen fluid VFA and ammonia concentrations were determined using methods described by Waghorn (1 986). Cellulose, hemicellulose and lignin in feeds and particulate matter from the rumen and faeces were determined by the method of Robertson & Van Soest (1980) . Feed samples were wet ashed in concentrated nitric acid and mineral elements determined by inductively coupled argon plasma spectrometry (Lee, 1981) . Cr determinations in rumen fluid were by atomic absorption spectrometry (Binnerts et al. 1968).
Statistical analyses
Results were analysed by analysis of variance. The model included feeds, bailing times and sampling days as main effects, with a feedx bailing time interaction. The feed effect contains an unavoidable time effect due to different dates of maturation for lucerne and ryegrass. Faecal particle size analysis was by two-way analysis of variance. Values are presented as means with standard errors of the means.
RESULTS

Feed composition
Over the 10 d experimental period ryegrass and lucerne DM averaged 178 (SE 6.1) and 200 (SE 5.8) g/kg respectively. The lucerne comprised 435 g leaf and petiole and 565 g stem/kg DM .
Chemical analyses of feeds (Table 1 ) showed large differences between chemical constituents of ryegrass and lucerne. Most noticeable was the low N content and high hemicellulose and cellulose contents of ryegrass compared with lucerne. Neutral-detergent fibre (NDF) components accounted for 569 g/kg ryegrass DM and 394 g/kg lucerne DM. Lucerne-stem DM contained 541 g NDF/kg, so that about three-quarters of the total NDF and one-third of the total N was associated with the stem fraction and the remainder with the leaf.
Lucerne contained much higher concentrations of calcium and lower concentrations of sodium than ryegrass. The concentration of Ca and sulphur was much higher in lucerne leaf than stem (Table 1) .
The chlorophyll content of lucerne (5.81 (SE 0.28) g/kg DM) was 20% greater (P < 0.001) than that of ryegrass (4.9 1 (SE 0 1 1) g/kg DM) during the experimental periods.
Of lucerne chlorophyll 80% resided in the leaf plus petiole fraction. high water content. There were no significant day effects on DM intake, rumen pool size, or other aspects of digestion within experimental periods.
Intake and rumen pool size
When cows were fed on ryegrass the rumen DM pool was larger ( P < 0.05) before eating (09.00 hours) and at the end of eating (1 1.30 hours), but at other times the difference between feeds was not significant. Rumen WM pool was larger (P < 0.01) when ryegrass was fed, compared with lucerne at all bailing times.
Particle size distribution in the rumen
The distribution of DM between particle size fractions is summarized in Table 3 . Digesta from cows fed on ryegrass contained a greater proportion of DM retained on the 4 and 2 mm sieves (323-51 1 g/kg DM) than lucerne (201-389 g/kg DM; P < 0.001). This fraction has a low probability of escape from the rumen (Waghorn, 1986) and accounts for only 6 % of faecal DM (Table 4) . DM retained on the 0.25,05 and 1.0 mm sieves accounted for 116360 g/kg rumen DM, with ryegrass diets having a smaller proportion on the 0.5 ( P < 0.001) and 1 mm (P < 0.001) sieves than lucerne. Residue and soluble DM accounted for 370-470 g/kg total DM.
Cows fed on ryegrass always had a lower proportion of residue DM ( P < O*OOl) and a higher proportion of soluble DM (P < 0001) than when lucerne was given.
Hand separation of rumen digesta retained on the 4mm sieve from the 09.00 hours (prefeeding) bailing showed 14 % of ryegrass and 31 % of lucerne DM on the 4 mm sieve to be over 10 mm. This was equivalent to 42 (SI; 4.7) and 48 (SE 9.3) g/kg total DM for the respective feeds (not significant). At the 11.30 hours bailing the quantity of DM over 10 mm in length increased to 38 % of that retained on the 4 mm sieve for ryegrass and 48 % for lucerne, equivalent to 193 (SE 18.5) and 174 (SE 11.2) g/kg rumen DM for the respective feeds (not significant).
Faecal particle size distribution Distribution of faecal DM between particle size fractions is summarized in Table 4 . Both diets resulted in similar proportions of faecal DM over 2 mm in size (63 g/kg DM), and similar proportions retained on 0-5 and 025 mm sieves, and in 'residues'. The proportion of DM retained on the 1.0 mm sieve was lower (P < 0.001) and 'soluble' DM higher (P < 0.01) with ryegrass than lucerne faeces, as was the case with rumen digesta. Particle size reduction and disappearance from the rumen Feed consumption increased the proportion of rumen' DM retained on the 4 mm sieve ( P < 0.001). With ryegrass this increase was achieved by reducing the proportions of all smaller fractions, but with lucerne only the proportions retained on the 1 mm and 0.5 mm sieves were significantly ( P < 0.001) reduced.
The effectiveness of chewing during eating has also been evaluated by calculating the quantity of DM reduced to a size able to pass a 2 mm sieve during and after eating. Because the rate of DM intake was more rapid (P < 0.001) during the first 30 min of eating with Tables 2 and 3 , for example, reduction between 0 and 30 min of eating = rumen pool of particles retained on 2 and 4 mm sieves at time 0 f DM intake from 0 to 30 min -rumen pool of DM retained on 2 and 4 mm sieves after 30 rnin of eating.
both feeds (5340 g/min) compared with the following 90 min (34-35 g/min), values for these periods are presented separately (Table 5) . During the first 30 rnin of eating, similar proportions of lucerne (0.50) and ryegrass (0-47) were reduced to a size able to pass a 2 mm sieve (not significant). Over the next 90 min, when rates of intake were slower (Table 2) , significantly (P < 0.01) more of the lucerne was reduced to pass a 2 mm sieve (0.67) compared with ryegrass (0.46). In the 2 h after eating, the rate of particle size reduction was similar for both feeds (6-3-6.7 g DM/min) and much slower than during the eating period (lucerne 24.6 g DM/min, ryegrass 17-9 g DM/min).
Time-period spent ruminating was greater (P < 0.10) when cows were fed on ryegrass than when fed on lucerne, but variation between cows was high (Table 5) .
A high proportion of large particulate DM in prefeeding digesta, combined with less effective reduction in ryegrass particle size during eating, resulted in a much larger DM pool unable to pass a 2 mm sieve at 11.30 hours (4.01 kg) than with lucerne (2.64 kg; P < 0.001). Particles retained on the 4mm sieve accounted for most of this pool (Table  3) .
At 09.00 hours, rumen particles on the 4 mm sieve contained 883-91 1 g NDF/kg DM (Table 6 ). Faecal DM retained on the 0.25 mm and larger sieves contained 837-853 g NDF/kg DM (Table 6 ). Water fluxes Changes in Cr concentration and digesta water pool size enabled rumen water outflow to be calculated during and for 2 h after eating. When ryegrass was given the outflow was 10.3 (SE 0.93) and 10.2 (SE 1.65) litres/h during and after eating respectively. With lucerne the outflow during eating (12.7 (SE 1.31) litres/h) was similar to that with ryegrass, but after eating the flow was significantly slower (6.0 (SE 0.54) litres/h; P < 0.01) and slower (P < 0-05) than the corresponding period with the ryegrass diet.
Change in rumen water pools determined by bailing, in conjunction with feed-water intake and calculated outflow, enabled net endogenous water fluxes into the rumen to be estimated. When ryegrass was given, rates were similar during eating (9.2 (SE 1.69) litres/ h) and after eating (7-0 (SE 1.44) litres/h). With the lucerne diet endogenous input during eating (9.0 (SE 1.52) litres/h) was greater than during 2 h after eating (4.2 (SE 1.04) litres/ h; P < 0.05).
Chlorophyll release
During the morning feeding period the total intake of chlorophyll averaged 23.5 and 28.2 g when cows were fed on ryegrass and lucerne respectively. The cumulative percentage release of chlorophyll from ingested feed was calculated during and after eating, The cumulative percentage chlorophyll release at the end of eating (1 1.30 hours) was 57.0 (SE 4.34) YO for ryegrass and 60.7 (SE 2.36) % for lucerne (not significant). By 13.30 hours the cumulative release from ryegrass had increased slightly to 63.8 (SE 2.13) % of intake (not significant) and to 79.1 (SE 1*74)Y0 for lucerne, which was significantly (P < 0.01) greater than that at 11.30 hours. Amounts released by 13.30 hours were 15-0 g for ryegrass and 22.3 g for lucerne (P < 0.001).
Calculations of chlorophyll released at 10.00 and 10.30 hours have a higher standard error and are probably less meaningful. With lucerne 396 (SE 8.79) % was released at 10.00 hours and 49.7 (SE 6.73)% at 10.30 hours. Ryegrass values were 55.0 (SE 5.97)% at 10.00 hours and 42.6 (SE 8.09)Yo at 10.30 hours. The apparent decrease in cumulative release between 10.00 and 10.30 hours is not possible, and suggests an overestimate at 10.30 hours.
VFA and ammonia concentration and pH of rumen contents
Significant increases in VFA concentration during eating occurred with both feeds (P < 0.001 ; Table 7 ). Compared with ryegrass, lucerne resulted in higher (P < 0.001) rumen VFA concentrations at all times except prefeeding, when the reverse was true (P < O-Ol), but feed effects on rumen pH were only significant (P < 001) prefeeding (Table 7) . Mean ammonia concentration was higher (P < 0.001) with lucerne (16.1 mmol/l) than with ryegrass (10-2 mmol/l), and increased during eating with both feeds (P < 0.001 ; Table  7 ). After eating (13.30 hours) ammonia concentration declined (P < 001) in cows fed on ryegrass, but was unchanged with lucerne.
Molar proportions of acetate, butyrate and isovalerate in total VFA did not change and 001 for lucerne respectively. Lucerne had a higher proportion of butyrate (P < 001) and a lower proportion of valerate (P < 0.05) than ryegrass but proportions of other VFA were similar for both diets.
DISCUSSION
The principal observation in the present experiment was the slower breakdown, clearance and fermentation in the rumen of cows fed on ryegrass compared with lucerne. This discussion clarifies the upper limit to size of particles able to exit from the cow rumen, and compares rates of disappearance of different size particle fractions for both feeds. Rumen clearance of lucerne stem and whole ryegrass are also compared in relation to their chemical and physical composition, and some aspects of lucerne digestion are discussed in relation to bloat. It is important to realize that although particle size is frequently indicated by sieve aperture size, particles are able to pass through the sieve lengthwise, and be longer than the sieve aperture size. Studies at this laboratory with sheep rumen digesta have shown the mean length of particles (n 20G300) passing a 2 mm sieve and retained on a 1 mm sieve to be 3-54 mm (fresh ryegrass) and 3.36 mm (fresh lucerne; K. Kelly, personal communication). A similar relation has been shown for particles passing sieves with larger and smaller aperture sizes, so that wet sieving allows particles with a length of about 1.8 times the sieve aperture to pass.
Particle outjlow from the rumen
Passage of digesta is influenced by the upper limit to the size of particles able to leave the rumen. In sheep most particles leaving the rumen are able to pass a 1 mm sieve (e.g. Ulyatt et al. 1986 ), but there is some argument about the size of particles able to leave the rumen of cattle. Poppi et al. (1985) considered there to be no justification for using different threshold particle sizes for sheep and cattle, and suggested an upper limit to passage of about 1 mm. Results from the present experiment are in conflict with their conclusions.
The particle size distribution of faecal DM in the present experiment showed material retained on the 1, 2 and 4 mm sieves was 14.2 % of faecal DM for ryegrass and 20-0 % for lucerne but only 6.3 YO of faecal DM was retained on the 2 and 4 mm sieves for both feeds. Grenet (1970) showed 1&15 % of faecal DM from cattle fed on fresh pasture were retained on a 1 mm sieve, and Waghorn (1986) reported 18.2% of faecal DM from cows fed on lucerne hay were retained on 1,2 and 4 mm sieves. These findings show a significant portion of DM passing out of the cow rumen is retained on the 1 mm sieve, but few particles are retained on the 2 and 4mm sieves. The difference between cattle and sheep is further evidenced by studies showing the mean particle size of sheep faeces to be about half that for cattle (Thomas & Campling, 1977; Uden & Van Soest, 1982) .
There is little reduction in the size of particulate DM after it leaves the rumen (Uden & Van Soest, 1982; Poppi et al. 1985) so the size distribution of faecal DM can be used to calculate the relative resistance to passage from the rumen for different size DM fractions. Poppi et al. (1985) have done this for several size fractions by expressing the proportion in rumen and faecal DM relative to a small size fraction which should be able to leave the rumen unhindered. The small fraction is given a value of 1.0, and the probability of passage of other fractions is expressed relative to 1.0.
In the present experiment DM passing the 0.5 mm sieve and retained on the 0.25 mm sieve was given a resistance of 1-0. For the ryegrass diet the relative resistance to passage of 'soluble' and 'residue' DM, and that retained on 025,0.5, 1.0,2-0 and 4.0 mm sieves was calculated to be 1.43, 1.16, 1-0,0*82,0*82,0*40 and 27.4 respectively. For lucerne the values were 0.94, 0.92, 1.0, 1.06, 0.97, 0.89 and 26.0 respectively. These values show that for both diets there was a similar probability of passage from the rumen of 'soluble', 'residue' and all particulate fractions up to and including that retained on the 2 mm sieve. However, particles retained on the 2 mm sieve represented a very small portion of rumen DM (Table  3) , and their high probability of passage from the rumen should be treated with caution.
This result is similar to findings with steers fed on grass hay (Dixon & Milligan, 1981) , but is quite different from the results of Poppi et al. (1985) when cattle were fed on dried tropical forages. Poppi et al. (1985) based their calculation on particles passing a 0.3 mm sieve and retained on a 0.15 mm sieve having a resistance to passage from the rumen of 1.0, and the relative resistance to passage of particles retained on 0.15, 0.3, 0.5, 1.18, 2.36 and 4.75 mm sieves were 1.0, 1-0, 2.1, 11-0, 40.8 and infinity, respectively. Only 3.4% of faecal DM were retained on a 1.18 mm sieve.
It appears that either tropical forages are broken down and digested in the rumen in a manner different from that for temperate forages, or that the difference may lie in the breed of cattle used. Poppi et al. (1980 Poppi et al. ( , 1985 have not indicated whether their cattle were Bos indicus or Bos taurus. If they used Bos indicus cattle to evaluate their tropical forages, then genetic differences between Bos indicus and Bos taurus may have been important in affecting particle size movement out of the rumen. 
Particle size reduction and clearance
Rumen clearance has a major influence on forage DM intake (Western, 1985) . The rate at which the rumen in cleared of forage DM is determined in part by the release and fermentation of plant-cell constituents, but the effectiveness with which chewing is able to reduce the particle size of fibrous residues (Ulyatt et al. 1986) appears to be most important. Clearance of forage diets is therefore largely determined by the cell-wall content and cellwall composition of the diet (Doyle, 1985) . In the present study chewing during eating reduced 61 % of lucerne DM but only 46 % of ryegrass DM to a size able to pass a 2 mm sieve. The higher resistance of ryegrass to breakdown is further indicated by the increase to 51 % of rumen DM unable to pass a 2 mm sieve by 11.30 hours ( Table 3 ). The slow clearance of ryegrass is indicated by the larger prefeeding DM pool which was 47 % of daily intake (cf. 39 % of daily intake for lucerne).
The particle size reduction of lucerne during eating can be examined in terms of the breakdown of stem and leaf. Stem accounted for 56-5 % of lucerne DM, and leaf for 43.5 % of lucerne DM. The rate at which lucerne stem was broken down appeared similar to that for whole ryegrass. This can be illustrated by relating the proportion of rumen DM unable to pass a 2 mm sieve to the intake of either lucerne stem or whole ryegrass at that time. For example, the proportion of prefeeding DM unable to pass the 2 mm sieve in relation to daily intake of lucerne stem (0.74 kg/5.15 kg = 0.15) is very similar to that for ryegrass (1.49 kg/9.19 kg = 014). Table 8 summarizes this relation for all bailing times; however, the ratios for lucerne stem and ryegrass would have been closer at 10.00, 10.30 and 11.30 hours if the small amount of lucerne leaf had been removed from the 2 and 4mm sieves.
Chemical analyses support the likeness of lucerne stem and whole ryegrass. Ryegrass DM contained 18.6 g N and 569 g NDF/kg DM, compared with 14.7 g N and 541 g NDF/ kg DM for lucerne stem. Differences in components of NDF, i.e. the higher proportion of lignin and lower proportion of hemicellulose in lucerne stem (Table l) , and differences in anatomical configuration of fibre bundles in ryegrass and lucerne stem had no net effect on breakdown and clearance of either component from the rumen.
At 09.00 hours rumen DM retained on the 4 mm sieve was predominantly fibre ( Table  6 ). Faecal particulate DM was also predominantly fibre, so the rate of physical breakdown appeared to be the principal limitation to clearance of this material from the rumen, with both feeds. One consequence of the high fibre content of ryegrass is that less DM is available for release into the highly fermentable 'soluble' and 'residue' pools during eating. In contrast, very little lucerne leaf was evident on the 2 and 4 mm sieves during eating, suggesting an effective rupture and release of DM during eating (Howarth et al. 1982; Kudo et al. 1985) . Lucerne leaf contained a high proportion of the water-soluble sugars, organic acids, pectin, chloroplasts and much of the soluble plant protein (Mangan, 1982) , and must account for the large increase in 'soluble' and 'residue' DM pools during the 1st hour of feeding. This increase was nearly double that for ryegrass (Table 9) , and was accompanied by a very rapid increase in rumen VFA and ammonia concentrations, and a rapid decline in pH with the lucerne diet.
Implications for bloat
The decline in pH with feeding may have significant implications with regard to bloat. Although a high rate of gas production from fermentation is considered a prerequisite (but not a cause) for bloat (Clarke & Reid, 1974) , the volume of carbon dioxide released from rumen bicarbonate in association with declining pH may be of significance. The theoretical CO, release during the 1st hour of feeding, based on calculations by Kleiber (Cole et al. 1945) , was 102 litres for lucerne and 29 litres for ryegrass. In addition about 1 litre gas/min is likely to arise from the fermentation of newly ingested feed, and should enhance the likelihood of foam formation with lucerne, compared with ryegrass.
The occurrence of bloat has been correlated with release of plant chloroplasts (Reid et al. 1962; Stifel et al. 1968 ) and the concentration of fraction 1 plant protein (EC 4.1 . 1 .39) in rumen fluid (Jones et al. 1970 (Jones et al. , 1978 Howarth et al. 1977) . Bloat has also been related to the rate of cell-wall disintegration in both red clover (Trifolium pratense) (Sant & Wilson, 1982) and lucerne (Howarth et al. 1982) . It was therefore surprising that similar proportions of plant chlorophyll were released from both ryegrass and lucerne during eating, in view of the lower NDF and the more effective particle size reduction of lucerne. However, the continued release of chlorophyll from lucerne after eating was probably due to the rapid degradation of the chlorophyll-rich leaf fraction (Howarth et al. 1982) . The higher concentration of chlorophyll in lucerne combined with a smaller rumen WM pool at 1 1.30 hours suggests a higher chloroplast concentration in lucerne rumen fluid, especially as outflow of water from the rumen was similar for both feeds. Calculated concentrations at 11.30 hours (uncorrected for flux to the abomasum) were 19.9 and 31.4 mg/l for ryegrass and lucerne respectively. This difference would be compatible with an involvement of chloroplasts in foam stability and bloat, although their mode of action has not been established. Conclusion The rapid physical breakdown of lucerne leaf to a size able to pass from the rumen, together with its high protein content, will enable more feed protein to reach and be digested in the intestines of cows fed on lucerne than those fed on ryegrass. This will contribute to the higher nutritive value of lucerne (Hogan, 1982) , whilst the rapid clearance of leaf DM will enable a higher intake of lucerne when feed is available under true ad lib. conditions. The principal limitation to a high nutritive value of ryegrass is its high resistance to particle breakdown and consequently rumen clearance. The rapid degradation of lucerne leaf may also be a main disposing factor in the establishment of bloat, and this may be exacerbated by intermittent feeding.
